The current status of the parton level, next-to-leading order Monte Carlo program MCFM is described. 
. Schematic description of QCD calculations, showing the current status in terms of the number of legs or loops calculated.
Loopverein or Beinverein?
As illustrated in Fig. 1 , the state of the art for radiative corrections to hard processes allows the calculation of graphs with many legs at a low number of loops, or with many loops at a low number of legs, but not both. At LHC, the trend of the phenomenological interest is towards processes with large numbers of legs. It will therefore be important to calculate multi-leg processes at NLO. In fact, the most phenomenologically interesting processes involve vector bosons, leptons, missing energy, or heavy flavours. In addition, many processes can contribute to the same signature, which argues for one (or better, several) unified NLO approaches.
What is MCFM?
MCFM[1-11] is a NLO parton-level event integrator for many processes. In line with the statement of physics interest given above, it includes processes involving heavy quarks, vector and Higgs bosons, and missing energy. Spin correlations are included in decay of the bosons. Since it is a Monte Carlo program, the distributions of all variables are available. A rough list of the included processes is given in Table 1 . A complete list is given in the documentation distributed with the code [1] .
Most processes are included at NLO in α S , with all the attendant benefits. First, there is a reduced dependence on unphysical scales, leading to a better estimate of rates for physical processes. Second, there is more than one parton in a jet, giving (an albeit primitive) structure to the jet. In addition, for well separated jets, as would occur in the decay of a heavy object, MCFM is expected to give a better estimate than a calculation based on a parton shower. Additionally, many processes are included in a unified framework, allowing easy comparison between processes. The program can be used at the Tevatron, LHC or RHIC by choosing the appropriate energy and parton distribution set. Table 1 MCFM processes cesses added in version five are, (f ≡ q,q, g,
The following processes have been added in LO
Shortcomings of MCFM
The program MCFM is not a fully-fledged Monte Carlo program, because it lacks a full parton shower and a model for the hadronization of the resultant partons into the observed hadrons. Because it does not produce hadrons it cannot be used as the input to a dectector simulation. Moreover it has both positive and negative weights. MCFM should be rather considered as a parton level integrator.
Remarkable progress has been made in combining NLO calculations with a parton shower (MC@NLO), in such a way that the O(α S )-expansion of the resultant answer agrees with the exact calculation [12] . No attempt has yet been made to extend MCFM in this way. We only note here that an understanding of NLO is a necessary prerequisite for MC@NLO.
In addition there is no inclusion of pure QCD processes, such as gg → gg, gg → ggg and gg → gggg. These processes have been treated by other Table 2 Total cross sections for top production authors [13, 14] .
Note also that there was an error in previous versions for the cross sections for W +1 jet, Z+1 jet, leading to ∼ 15% errors at NLO. This has been corrected in version 5. An updated figure for the ratio of W +2 jets/W +1 jet is given in Fig. 2. 3. Top production rates Table 2 gives the total NLO cross-sections for tt production both at the Tevatron and the LHC [9, 11] . The total single top cross-section is smaller than the tt rate by about a factor of two, at both machines.
Backgrounds for single top
The background processes shown in Table 3 Cross-sections in fb include nominal tagging efficiences and mis-tagging/fake rates taken from ref. [11] set of cuts, the signal rates are 7 fb and 11 fb for s-and t−channel respectively. With our nominal efficiencies, the ratio of signal:background is about 1 : 6. For the cuts and efficiencies used we refer the reader to Tables VI,VIII of ref. [11] . Figure 4 shows the H T distribution, both for the signal and the background, where H T is defined as the scalar sum of jet, lepton and missing E T . Current estimates are that it will take 1.5 fb −1 to have 3σ evidence for single top from a single experiment at the Tevatron [15] .
W t production
The last of the single top processes, the W t process which is important at LHC, but negligible at the Tevatron was included in MCFM [11] . The rate depends on b-quark distribution in the proton, which is quite poorly known. The top quark, (shown in Fig. 5 in red) is taken onshell, but all spin correlations are retained. Including real radiation we obtain both diagrams with and without a resonantt propagator. The former are properly considered as lowest order contributions to tt production, whereas the latter are contributions to single top production. We apply a veto on the p T of the additionalb quark which appears in NLO. If we choose factorization scale µ F of the same order as the maximum p T which is allowed, we find that when the p T > µ F , the doubly resonant diagrams dominate and a better description is obtained by using the tt process. This region Table 4 Cross sections for W W signal and backgrounds is hence excluded from the single top sample. The W t background to H → W W can be estimated using this calculation. The results [11, 23] are given in Table 4 . We note that, with the cuts used, the tt and W t backgrounds are of similar size.
From Fig. ? ? we see that shape of contribution of W t process to Dittmar-Dreiner angle [22] modified at next-to-leading order.
Higgs boson + 2 jets
Although not yet included in MCFM, the calculation of the Higgs + 2-jet rate performed using the effective coupling to gluons is a possible line of development for MCFM. The effective coupling, which is valid in the m t → ∞ limit, includes a finite radiative correction [20, 21] . 
where g is the strong coupling and v is the vacuum expectation value parameter,
4.1. H+2 jet calculation NLO corrections to W -fusion mechanism have already been calculated by many authors [16] . All the elements are in place for a full NLO Higgs + 2 jets calculation via gluon fusion mechanism, namely the Born level calculation Higgs + 4 partons, the real calculation Higgs + 5 partons [17] , the irtual calculation [19] , and the subtraction terms.
H+2 jet results
The virtual corrections are included in our code using a seminumerical procedure. We define jets with p t (jet) > 20 GeV, |y j | < 5, R jj > 0.6 and we vary renormalization and factorization scale together. Our preliminary results indicate the Higgs + 2 jet inclusive rate is the better behaved at NLO than the rate for Higgs+X rate, or Higgs + 1 jet+X. Fig.8 also suggests that a relatively high scale µ ∼ m H is appropriate for the Higgs. When we impose cuts to enhance vector boson fusion, (without central jet veto) we obtain a similar pattern for the µ dependence as shown in Fig.8 . 
Conclusions
The current release of MCFM (version 5.1, June, 2006) includes the new processes, pp → W t and pp → Zbj and is available for download [1] . The benefits of a unified approach are beginning to be observed. For example, MCFM allows the calculation of both signal and background for single top production, predominantly at NLO.
I have also presented preliminary results for Higgs + 2 jets, calculated at NLO using an effective Lagrangian. The results indicate that a stable result for Higgs + 2 jets can be obtained. This is important for estimating the 'background' to the vector boson fusion Higgs production mode. More importantly, it establishes the viability of semi-numerical method for calculating virtual corrections for a real physical process.
